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WHPSHUDWXUHVDQG WKHUHIRUH ORZHUFRQFHQWUDWLRQVRISRO\PHUDQGFURVVOLQNHUPD\EHXVHG LQRUGHU WRPDLQWDLQD
UHDVRQDEOHZRUNLQJWLPHIRUOHDNDJHUHPHGLDWLRQLQGHHSHUVWRUDJHVLWHV
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E
)LJ(IIHFWRIWHPSHUDWXUHRQSRO\PHUJHOVROXWLRQVDYLVFRVLW\HYROXWLRQEZRUNLQJWLPH
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&RUHIORRGLQJH[SHULPHQWVXVLQJSRO\PHUJHOVROXWLRQV
&RUHIORRGLQJH[SHULPHQWVZHUHFDUULHGRXWXVLQJWZRKLJKSHUPHDELOLW\FRUHVDPSOHVWRDVVHVVWKHDSSOLFDELOLW\
RIWKHSRO\PHUJHOV\VWHPLQUHPHGLDWLQJWKHQRQFRQIRUPDOIORZRI&2ZLWKLQWKHUHVHUYRLU7KHSRURVLW\RIWKH
VDPSOHVZDVPHDVXUHGXVLQJDSUHFDOLEUDWHG%R\OH
V ODZS\FQRPHWHU6LQJOHSKDVH1DQG&2SHUPHDELOLWLHVRI
WKH VDQGVWRQHFRUH VDPSOHVZHUHPHDVXUHG LQD+DVVOHUW\SHFRUHKROGHU)LJSUHVHQWV WKHH[SHULPHQWDO VHWXS
XVHGIRUWKHFRUHIORRGLQJWHVWVDQGWKH+DVVOHUW\SHFRUHKROGHUZKLFKZDVXVHGWRDSSO\DFRQVWDQWFRQILQLQJVWUHVV
RI  03D GXULQJ WKH H[SHULPHQWV  7DEOH  SUHVHQWV WKH H[SHULPHQWDO FRQGLWLRQV DQG VXPPDU\ RI WKH FRUH
FKDUDFWHULVDWLRQUHVXOWVIRUVDPSOHVXVHGLQWKLVVWXG\

 
)LJ/DERUDWRU\VHWXSIRUWKHFRUHIORRGLQJH[SHULPHQWV
7DEOH6XPPDU\RIWKHFRUHFKDUDFWHULVDWLRQDQGH[SHULPHQWDOFRQGLWLRQVXVHGWRDVVHVVWKHLPSDFWRISRO\PHU
IORRGLQJRQ&2SHUPHDELOLW\
3DUDPHWHU
6DPSOH$
*XLWLQJFDUERQDWH
6DPSOH%
'RGGLQJWRQVDQGVWRQH
3RURVLW\  
3HUPHDELOLW\WR1>P'@  
3HUPHDELOLW\WR&2>P'@  
6DOLQLW\RIEULQH>@  
3RO\PHUDQG=UFRQFHQWUDWLRQV>SSP@  
3RO\PHUJHOLQMHFWLRQUDWH>P/PLQ@  
3RUHYROXPHRISRO\PHULQMHFWHG  

7KHIROORZLQJSURFHGXUHZDVLPSOHPHQWHGGXULQJWKHFRUHIORRGLQJH[SHULPHQWV
x &RUHVDPSOHVZHUHVXEMHFWHGWRYDFXXPIRUKRXUV
x 3RURVLW\DQGGHQVLW\RIWKHVDPSOHVZHUHPHDVXUHGXVLQJKHOLXP
x 3HUPHDELOLW\RIWKHFRUHVDPSOHVWR1DQG&2ZHUHPHDVXUHGXQGHUDUDQJHRIJDVLQMHFWLRQSUHVVXUHVXSWR
a03DDQGDWa03DFRQILQLQJSUHVVXUH
x %DVHGRQWKHUHVXOWVSUHVHQWHGLQWKHSUHYLRXVVHFWLRQVDSRO\PHUJHOVROXWLRQZLWK$1SSPDQG=U
SSPZDVSUHSDUHGLQZW1D&OEDVHVROXWLRQ&RQVLGHULQJWKHUHVXOWVRIWKHSRO\PHUFKDUDFWHULVDWLRQ
FDUULHGRXWWKHZRUNLQJWLPHIRUWKLVVROXWLRQZDVH[SHFWHGWREHDURXQGWRKRXUVDQGWKHJHODWLRQWLPH
DSSUR[LPDWHO\KRXUV
x &RUHVDPSOHVZHUHVDWXUDWHGZLWKEULQH1D&O
x 3RO\PHUZDVLQMHFWHGXVLQJDQ,6&2V\ULQJHSXPS3RO\PHUVROXWLRQZDVLQMHFWHGDWDFRQVWDQWUDWHXQWLODERXW
SRUHYROXPHV39RISRO\PHUVROXWLRQZDVLQMHFWHG
N2
&2
3XPS
3XPS
7HPSHUDWXUH
FRQWUROOHU



 







SUHFLVLRQSXPS
FRQWLQXRXVIORZSXPS
IORZFRQWUROOHGOLQH
FRQVWDQWSUHVVXUHOLQH
FOHDQLQJOLQH
LQOHWSUHVVXUHWUDQVGXFHU
RXWOHWSUHVVXUHWUDQVGXFHU
FRQILQHPHQWSUHVVXUHWUDQVGXFHU
EDFNSUHVVXUHYDOYH
FROOHFWLQJEHDNHU
+DVVOHUFHOOZLWKFRUH
SUHVVXUHFRQILQHPHQWOLQH
SUHVVXUHUHOHDVHOLQH
RYHQDW&
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x 7KHXSVWUHDPDQGGRZQVWUHDPYDOYHVZHUHVKXWDQGWKHVDPSOHVDWXUDWHGZLWKSRO\PHUJHOVROXWLRQZDVOHIWJHO
IRUDSHULRGRIWLPHDWOHDVWKRXUVWRDFFRXQWIRUWKHJHODWLRQWLPH
x &2ZDVLQMHFWHGDWFRQVWDQWSUHVVXUHa03DLQWRWKHFRUHVDPSOHWRPHDVXUHSRVWSRO\PHUJHOLQMHFWLRQ
&2SHUPHDELOLW\DQGWKHHIIHFWLYHQHVVRIWKHSRO\PHUJHOV\VWHP
,QJHQHUDOSRO\PHULQMHFWLRQDWDFRQVWDQWUDWHZDVIRXQGWREHFKDOOHQJLQJIRUERWKVDPSOHV$DQG%,QWKHFDVH
RIVDPSOH%ZKLFKKDGDORZHULQLWLDOSHUPHDELOLW\SUHVVXUHEXLOGXSDWWKHLQOHWEHFDPHPRUHIUHTXHQWDIWHUWKH
ILUVW39LQMHFWLRQ7KHSRO\PHULQMHFWLRQPHWKRGZDVWKHUHIRUHVHWWRFRQVWDQWSUHVVXUH$VDUHVXOWWKHLQMHFWLRQUDWH
ZDVYHU\VORZDQGDWLPHSHULRGRIWRKRXUVZDVUHTXLUHGIRUWKHLQMHFWLRQRIa39RISRO\PHUJHOVROXWLRQ
LQWRWKHVDPSOH
)LJVKRZVWKDWDVDUHVXOWRISRO\PHUJHOLQMHFWLRQZLWKFRQFHQWUDWLRQVRISSP$1DQGSSP=U
VXEVWDQWLDOSHUPHDELOLW\ UHGXFWLRQZDVREVHUYHGIRUERWK6DPSOHV$DQG% ,Q WKHFDVHRI6DPSOH$ LQLWLDO&2
SHUPHDELOLW\RIP'ZDVUHGXFHG WRP' UHSUHVHQWLQJDUHGXFWLRQ )LJ)RU WKHFDVHRI6DPSOH%
HYHQJUHDWHUUHGXFWLRQRYHULQSHUPHDELOLW\ZDVDFKLHYHGXVLQJDVLPLODUSRO\PHUJHOV\VWHP
7KH UDQJH RI SHUPHDELOLW\ UHGXFWLRQ YDOXHV ZHUH WKHQ XVHG IRU WKH SXUSRVH RI DVVHVVLQJ WKH HIIHFWLYHQHVV RI
SRO\PHUJHOLQMHFWLRQLQ&2IORZGLYHUVLRQXVLQJQXPHULFDOPRGHOOLQJ


)LJ(IIHFWRISRO\PHUJHOWUHDWPHQWLQUHGXFLQJSHUPHDELOLW\IRU&2LQ*XLWLQJFDUERQDWHDQG'RGGLQJWRQVDQGVWRQHDW°&
1XPHULFDOVLPXODWLRQRISRO\PHUJHOLQMHFWLRQ
$QXPHULFDOUHVHUYRLUPRGHOZDVVHWXSWRVWXG\WKHPRELOLW\FRQWURORI&2SOXPHXVLQJSRO\PHUJHOLQMHFWLRQ
ZLWKLQDKHWHURJHQHRXVVDOLQHDTXLIHUDQGWHVWWKHGLYHUVLRQRILWVIORZDZD\IURPDVXEVHLVPLFIDXOW7KHVWUXFWXUDO
PRGHOXVHGLQWKLVVWXG\UHSUHVHQWVDVDOLQHDTXLIHUZLWKDEURDGDQGFRQVLGHUDEO\GLSSLQJDQWLFOLQDOVWUXFWXUH)LJ
ZKHUH WKH FRQWDLQPHQW RI&2 LV HQYLVDJHG7KHPRGHO JULG VSDQV DQ DUHD RI NPîNPDQG LQFOXGHV ILYH
PDMRU VHDOLQJ IDXOWV 7KH JULG EURDGO\ FRPSULVHV RI WKUHH OD\HUV QDPHO\  D UHVHUYRLU OD\HU ZLWK DQ DYHUDJH
WKLFNQHVVRIPDQGUHVROXWLRQRIPîPîPDFDSURFNVHDOOD\HUZLWKDQDYHUDJHWKLFNQHVVRIP
DQG UHVROXWLRQ RI PîPîP DQG  D VKDOORZ DTXLIHU OD\HU ZLWK DQ DYHUDJH WKLFNQHVV RI P DQG
UHVROXWLRQRIPîPîP7KHGHSWKRIWKHPRGHOUDQJHVEHWZHHQPDQGP
7KHJHRORJLFDOPRGHOLQWKHUHVHUYRLUOD\HULVUHSUHVHQWHGE\DIOXYLDOFKDQQHOV\VWHPW\SLFDOO\FRQWDLQLQJ
EUDLGHGVDQGVWRQHFKDQQHOVDQGLQWHUEHGGHGIORRGSODLQGHSRVLWVWKHLQWHUFKDQQHOUHJLRQRIPXGVWRQHRUVLOWVWRQH
7KHFKDQQHOOD\RXWSDUDPHWHUVLPSOHPHQWHGLQWKHPRGHOWRUHSUHVHQWWKHIOXYLDOFKDQQHOV\VWHPDUHJLYHQLQ7DEOH
7KHYDOXHVRIWKHSHWURSK\VLFDOSURSHUWLHVXVHGLQWKHVWDWLFJHRORJLFDOPRGHODWWULEXWLRQ7DEOHDUHEDVHGRQ
WKH/DWH7ULDVVLF)UXKROPHQ)RUPDWLRQLQWKH+DPPHUIHVW%DVLQLQWKHVRXWKHUQ%DUHQWV6HD>@ZKLFKLVORFDWHG
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
)LJ7KHVWUXFWXUDOPRGHORIWKHQXPHULFDOVDOLQHDTXLIHUNPîNPFRQWDLQLQJILYHPDMRUIDXOWVDQGWKUHHVWUDWLJUDSKLFOD\HUV
UHVHUYRLUOD\HUFDSURFNVHDOOD\HUVKDOORZDTXLIHUOD\HU
7DEOH&KDQQHOOD\RXWSDUDPHWHUVXVHGLQWKHUHVHUYRLUOD\HURIWKHJHRORJLFDOPRGHO
 0LQ 0HDQ 0D[
$PSOLWXGH>P@   
:DYHOHQJWK>P@   
:LGWK>P@   
7KLFNQHVV>P@   

7DEOH3HWURSK\VLFDOSURSHUWLHVXVHGLQWKHJHRORJLFDOPRGHO
3HWURSK\VLFDOSURSHUWLHV &KDQQHOV ,QWHUFKDQQHOUHJLRQ &DSURFN 6KDOORZDTXLIHU
3RURVLW\
0LQ0HDQ0D[    
6WDQGDUGGHYLDWLRQ    
+RUL]RQWDO
3HUPHDELOLW\>P'@
0LQ0HDQ0D[    
6WDQGDUGGHYLDWLRQ    
17*
0LQ0HDQ0D[    
6WDQGDUGGHYLDWLRQ    
YHUWLFDOSHUPHDELOLW\ îKRUL]RQWDOSHUPHDELOLW\

DW GHSWKV VLPLODU WR WKRVH FRQVLGHUHG LQ WKLV VWXG\ 7KH SURSHUW\ DWWULEXWLRQV ZHUH JHQHUDWHG XVLQJ 6HTXHQWLDO
*DXVVLDQ 6LPXODWLRQ 6*6 LQ RUGHU WR UHSUHVHQW WKH YDULDELOLW\ LQ WKH GLVWULEXWLRQ RI WKHVH YDOXHV ([DPSOH
UHDOLVDWLRQVRIWKHSRURVLW\DQGKRUL]RQWDOSHUPHDELOLW\GLVWULEXWLRQVIRUWKHWRSUHVHUYRLUOD\HUDUHLOOXVWUDWHGLQ)LJ

,Q RUGHU WR VHWXS D VFHQDULR ZKHUHLQ &2 OHDNDJH RFFXUV DQG WHVW VXEVHTXHQW OHDNDJH UHPHGLDWLRQ E\ IORZ
GLYHUVLRQ RI WKH SOXPH XVLQJ SRO\PHUJHO LQMHFWLRQ D VXEVHLVPLF IDXOW ZDV LQWURGXFHG LQ WKH PRGHO E\ JULG
UHILQHPHQW DWDGLVWDQFHRINPDZD\ IURP WKH LQMHFWLRQZHOO ,1-B:(// ORFDWHGDW WKH IODQNRI WKHDQWLFOLQH
)LJD7KH IDXOWKDVD ODWHUDOGLPHQVLRQRIPîPDQGDVVXPHG WREHQRQVHDOLQJZLWKDXQLIRUPYHUWLFDO
SHUPHDELOLW\RIP'VSDQQLQJWKHUHVHUYRLUDQGWKHFDSURFNWKLFNQHVVDSSUR[LPDWHO\P$FRPSRVLWLRQDO
IORZPRGHOZDVWKHQVHWXSXVLQJ6FKOXPEHUJHU¶V(&/,36((VRIWZDUHEDVHGRQDTXDVLLVRWKHUPDOPXOWL
SKDVH DQGPXOWLFRPSRQHQW DOJRULWKP HQDEOHGE\ WKH&26725(RSWLRQZKLFK FRQVLGHUVPXWXDO VROXELOLWLHV RI
&2DQGEULQH
NP
6KDOORZDTXLIHU
&DSURFN
5HVHUYRLU
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
D 
E  
)LJ([DPSOHUHDOLVDWLRQVRISHWURSK\VLFDOSURSHUWLHVGLVWULEXWLRQIRUWKHWRSOD\HURIWKHUHVHUYRLUD3RURVLW\E+RUL]RQWDOSHUPHDELOLW\

 
DE
)LJD7KHJULGUHILQHPHQWUHSUHVHQWLQJWKHVXEVHLVPLFIDXOWIHDWXUHPîPDQGSRO\PHUJHOEDUULHUPîPORFDWHGNPDZD\
IURPWKHLQMHFWLRQZHOOE3HUPHDELOLW\DWWULEXWLRQDQGSRVLWLRQRIWKHSRO\PHUJHOEDUULHUEHWZHHQWKHLQMHFWLRQZHOODQGWKHVXEVHLVPLFIDXOW
7KHVLPXODWLRQRI&2 LQMHFWLRQ LQ WKH VDOLQHDTXLIHUZDVFDUULHGRXWDWD UDWHRI0W\HDU IRUDSHULRGRI
\HDUV FRPSULVLQJ RI LQLWLDO &2 LQMHFWLRQ OHDNDJH GHWHFWLRQ DQG SRO\PHUJHO LQMHFWLRQ UHPHGLDWLRQ DQG SRVW
UHPHGLDWLRQ&2 LQMHFWLRQ 7KH ORZHU OLPLW RI OHDNDJH GHWHFWLRQZDV DVVXPHG WR EH  WRQQHV RI&2 LQ WKH
VKDOORZDTXLIHU>@2QFHWKHOHDNDJHWKURXJKWKHVXEVHLVPLFIDXOWZDVGHWHFWHG&2LQMHFWLRQZDVVWRSSHGIRUD
SHULRGRIQLQHPRQWKVGXULQJZKLFKSRO\PHUJHOLQMHFWLRQLQWKHUHVHUYRLUOD\HULVLPSOHPHQWHG7KHSRO\PHUJHO
EDUULHU ZDV DVVXPHG WR KDYH D UHJLRQ RI LQIOXHQFH ZLWK D GLPHQVLRQ RI PîPîP DW D GLVWDQFH RI
DSSUR[LPDWHO\PDZD\IURPWKHIDXOWWRZDUGVWKHLQMHFWLRQZHOODVVKRZQLQ)LJE:LWKWKHEDUULHULQSODFH
&2LQMHFWLRQZDVUHVWDUWHGIRUWKHUHPDLQLQJSHULRGRIWKHVLPXODWLRQUHSUHVHQWLQJWKHSRVWUHPHGLDWLRQSHULRG
'LIIHUHQW SHUPHDELOLW\ UHGXFWLRQ YDOXHV DW WKH ORFDWLRQ RI WKH SRO\PHUJHO EDUULHU ZHUH WHVWHG LQ WKH PRGHO
FRQVLGHULQJRUGHUVRIPDJQLWXGHRI UHGXFWLRQ7KHSOXPHGLVWULEXWLRQVDW WKHHQGRI WKHVLPXODWLRQSHULRGDV
LOOXVWUDWHG LQ)LJVXJJHVW WKDW OHDNDJH WKURXJKWKHIDXOWFRQWLQXHVGXULQJ WKHSRVWUHPHGLDWLRQSHULRGZKHQ WKH
EDUULHUSHUPHDELOLW\LV!P')RUSHUPHDELOLWLHVEHORZWKLVYDOXHWKHSOXPHLVGLYHUWHGDZD\IURPWKHIDXOW7KLV
LVDOVRVKRZQE\WKHFXPXODWLYHOHDNDJHSORWLQ)LJZKHUHWKHPD[LPXPVLPXODWHGPDVVRI&2WKDWFRXOGKDYH
OHDNHGLVaWRQQHV
NP
3RO\PHUJHOEDUULHU
6XEVHLVPLF
IDXOW
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)LJ&XPXODWLYHPDVVRI&2WKDWFRXOGKDYHOHDNHGLQWRWKHVKDOORZDTXLIHUIRUGLIIHUHQWFDVHVRISRO\PHUJHOEDUULHUSHUPHDELOLWLHV
&RQFOXVLRQV
3DUDPHWHUV VXFK DVSRO\PHU W\SHPROHFXODUZHLJKWSRO\PHU FRQFHQWUDWLRQ FURVVOLQNHU FRQFHQWUDWLRQ UDWLRRI
SRO\PHUWRFURVVOLQNHUDQGWHPSHUDWXUHZHUHIRXQGWREHLQIOXHQWLDORQWKHJHODWLRQSURFHVVDQGZRUNLQJWLPHRIWKH
SRO\PHUJHOVROXWLRQVWHVWHG
/HDNDJHDWIDXOW
)ORZGLYHUVLRQ
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/DERUDWRU\ H[SHULPHQWV KDYH VKRZQ WKDW WKH JHODWLRQ WLPH IRU SRO\DFU\ODPLGHEDVHG SRO\PHU JHO V\VWHPV
GHFUHDVHGZLWKWKHLQFUHDVHLQSRO\PHUFRQFHQWUDWLRQ)XUWKHUPRUHIRULGHQWLFDOFRPELQDWLRQRISRO\DFU\ODPLGHDQG
=UWKHJHODWLRQWLPHZDVIRXQGWRGHFUHDVHZLWKLQFUHDVHLQWHPSHUDWXUH
/DERUDWRU\FRUHIORRGLQJH[SHULPHQWVSHUIRUPHGRQKLJKSHUPHDELOLW\FRUHVVDWXUDWHGZLWKEULQHKDYHVKRZQ
DUHGXFWLRQRIPRUHWKDQLQJDVSHUPHDELOLW\DWSRO\PHUFRQFHQWUDWLRQVRISSPDQG=UFRQFHQWUDWLRQRI
SSPLQZW1D&O
%DVHG RQ WKH SHUPHDELOLW\ UHGXFWLRQ UHVXOWV REWDLQHG IURP ODERUDWRU\ H[SHULPHQWV D QXPHULFDO PRGHO RI D
IOXYLDWLOHVDOLQHDTXLIHUZDVVHWXSWRDVVHVVWKHHIIHFWLYHQHVVRISRO\PHUJHOLQMHFWLRQLQGLYHUWLQJWKHIORZRI&2
SOXPHDZD\IURPDOHDNLQJVXEVHLVPLFIDXOW0RGHOOLQJUHVXOWVREWDLQHGIRUD\HDUVLPXODWLRQSHULRGVXJJHVWV
WKDWUHPHGLDWLRQLVHIIHFWLYHIRUEDUULHUSHUPHDELOLWLHVP'+RZHYHUWKLVLVEDVHGRQWKHFXUUHQWDVVXPSWLRQRI
DODUJHUHJLRQRIWKHUHVHUYRLULQIOXHQFHGE\SRO\PHUJHOLQMHFWLRQ,QWKHILHOGWKHEDUULHUJHRPHWU\DFKLHYHGZRXOG
GHSHQG RQ WKH LQMHFWLRQ ZHOO OD\RXW XVHG YLVFRVLW\ RI WKH SRO\PHU LQMHFWHG UHVHUYRLU WHPSHUDWXUH VDOLQLW\ S+
VHQVLWLYLW\ RI WKH HIIHFWLYH YLVFRVLW\ RI SRO\PHUJHO DQG UHVHUYRLU KHWHURJHQHLW\ )XUWKHU PRGHOOLQJ ZRUN EHLQJ
FDUULHGRXWLQYROYHVVFHQDULRDQDO\VLVDQGVLPXODWLRQRISRO\PHUFURVVOLQNHUVROXWLRQLQMHFWLRQLQ(&/,36(WR
DVVHVV WKH DUHD RI LQIOXHQFH DQG WKH HIIHFWLYHQHVV RI WKLV UHPHGLDWLRQ WHFKQLTXH XVLQJ GLIIHUHQWZHOO OD\RXWV DQG
UHVHUYRLUFRQGLWLRQV

$FNQRZOHGJHPHQWV
5HVHDUFK UHSRUWHG LQ WKLV SDSHU ZDV FRQGXFWHG ZLWK IXQGLQJ IURP WKH (XURSHDQ &RPPLVVLRQ )3 SURMHFW
0,5(&2/*UDQW$JUHHPHQW1R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7KHFRPPHUFLDOSRO\PHUVXVHGZHUHNLQGO\VXSSOLHGE\61))ORHUJHU)UDQFH
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